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1-0 I n t r o d u c t i o n  

I 

There a r e  no s i g n i f i d a n t  experimental  r e s u l t s  

a t  t h i s  t i m e  f o r  the superconduct ivi ty  program due 

t o  r e p o r t  

t o  unfor-  

t u n a t e  de lays  i n  the cons t ruc t ion  of the  s p e c i a l  dewar needed 

f o r  these experiments. T h e  d i f f i c u l t i e s  t h a t  have caused these 

de lays  have, hopefu l ly ,  now been i roned  o u t  and d e l i v e r y  d a t e  

has  been s e t  f o r  t h e  f i r s t  week of February. 'While wa i t ing  f o r  

the d e w a r ,  cons ide rab le  e f f o r t  has  been directed toward assemb- 

l i n g  a number of t e s t  samples designed t o  d e l i v e r  a maximum 

amount of information i n  a minimum t e s t  t i m e .  An a t tempt  h a s  

been made t o  o u t l i n e  experiments t h a t  w i l l  determine the  f e a s i -  

b i l i t y  of the  superconducting-switch conver tor .  

Some of the  f a c t o r s  which mus t  be determined are :  (1) 

the  swi tch ing  t i m e  f o r  var ious  w i r e  m a t e r i a l s ,  w i r e  conf igura-  

t i o n s  and t h i n f i l m s  ( 2 )  l i q u i d  helium d i s s i p a t i o n  i n  the  normal 

s t a t e  ( 3 )  maximum c u r r e n t  f o r  a l l  samples (4)  maximum magnetic 

f i e l d s  f o r  a l l  samples (5)  and c o n t a c t  effects  f o r  t he  va r ious  

bonding techniques and con tac t  m a t e r i a l s  t h a t  w e r e  employed i n  

c o n s t r u c t i n g  the samples. 

A d i scuss ion  of the techniques through w h i c h  t h e  samples 

described h e r e i n  w e r e  cons t ruc ted  w i l l  be r e se rved  f o r  a 

follow-up r e p o r t  which w i l l  be submitted s h o r t l y  a f t e r  the  d e w ;  r. 

i s  obta ined  and t h e  prel iminary experimental  r e s u l t s  a r e  i n .  

t 
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Z s O  More on t h e  MR Convertor 

A s imulated s ingle-branch conver tor  w i l l  be set-up us ing  

t h e  va r ious  corbino d i s k s  descr ibed f u r t h e r  on. This  w i l l  be 

done a t  l i q u i d  helium temperature and, p o s s i b l e ,  a t  room temp- 

e r a t u r e .  For t h e  room temperature experiment InSb corb ino  

d i s k s  w i l l  be employed. 

These s imula t ion  experiments w i l l  be conducted with a 

s i n u s o i d a l  magnetic f i e l d  of about 1000 gauss  us ing  a s m a l l  

AC e lectromagnet  cons t ruc t ed  by t h i s  l abora to ry .  The ou tpu t  

w i l l  be observed on an osc i l l o scope  connected ac ross  a load 

r e s i s t a n c e .  Of course ,  on ly  a smal l  magnetoresis tance r a t i o  

can be expected a t  t h i s  l o w  f i e l d ,  t h u s ,  t h e  c i r c u i t  resis- 

t ance  w i l l  have t o  be extremely l o w  i n  o rde r  t h a t  t h e  e f f e c t  

of t h e  small  r e s i s t a n c e  change of t h e  MR device can be de tec t ed  

and analysed. For t h e  room temperature runs t h i s  should be 

no problem s i n c e  very l a r g e  copper buss  can be used. However, 

fo r  t h e  l i q u i d  helium experiments where a small  c a p a c i t y  dewar 

i s  used one must be c a r e f u l  i n  the u s e  of copper because of 

i t s  h igh  c o e f f i c i e n t  of thermal conduc t iv i ty .  

P lans  a r e  underway f o r  a l a r g e r  AC electromagnet capable  

of producing a 10K gauss AC f i e l d  f o r  f u t u r e  experiments along 

t h i s  l i n e .  

I 
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3.0 

3 1 Experimental Apparatus 

Proposed Cryogenic Experiments (4  03°K) 

3-11 A s p e c i a l  rec tangular  t a i l  dewar, shown i n  F igure  

3 o l  i n  p o s i t i o n  ir? t h e  electromagnet,  w i l l  s h o r t l y  be a v a i l a b l e  

f o r  t h e  l i q u i d  helium experiments. The t a i l  s e c t i o n  h a s  a 7/1611 

x 3 1/811 x 10 3/bC1' long i n t e r i o r  working reg ion  and is  1 1/811 

t h i c k  on t h e  o u t s i d e ,  and is made e n t i r e l y  of  non-magnetic m a t e r -  

i a l s ,  These dimensions w i l l  provide a m i n i m u m  gap i n  t h e  elec- 

tromagnet of 1 1/81' which w i l l  a l l o w  a maximum magnetic f i e l d  

of about 13,000 gauss us ing  2 inch tapered  po le  p i e c e s ,  

The dewar w i l l  be suspended i n  a three- leg ,  s tee l  mount 

which i s  a d j u s t a b l e  v e r t i c a l l y  through t h e  f u l l  range t h a t  t h e  

t a i l  s e c t i o n  w i l l  a l l o w ,  

t h e  d e s i r e d  working reg ion  with t h e  magnetic f i e l d  r eg ion ,  

suppor t  equipment on hand f o r  t h e  dewar c o n s i s t s  of a 

This f e a t u r e  w i l l  a i d  i n  l i n i n g  up 

25 l i t e r  l i q u i d  n i t rogen  sh ie lded  l i q u i d  helium c o n t a i n e r ,  a 

vacuum sh ie lded  t r ans fe r  tube,  a 25 l i t e r  l i q u i d  n i t rogen  con- 

t a i n e r ,  and a l i q u i d  helium l e v e l  i n d i c a t o r .  I n  a d d i t i o n  i s  

helium gas  p r e s s u r i z a t i o n  equipment t o  be used i n  t r a n s f e r r i n g  

t h e  l i q u i d s .  

3,l2 I n  o rde r  t o  ob ta in  an AC magnetic f i e l d ,  two H e l m -  

h o l t z  c o i l s  have been wound which f i t  over  t h e  po le s  of the  

electromagnet.  These c o i l s  a r e  shown i n  p o s i t i o n  i n  F i g u r e  

3.1.  They are t o  provide a modulating f i e l d  of about 1000 gauss 

and w i l l  be d r iven  by a 60 cycle  2 2 0  v supply.  The 

w i l l  be t o  s e t  t h e  DC f i e l d  j u s t  below t h e  c r i t i c a l  

s ch e m e  h e r e  

p o i n t  and 
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then  t ransend  between t h e  superconducting and normal s t a t e ,  

a l t e r n a t e l y ,  with t h e  AC f i e l d .  This w i l l  provide some i n d i c a -  

t i o n  of t h e  swi tch ing  response of va r ious  w i r e  forms and w i r e  

m a t e r i a l s ,  

3 .2  Magnetoresis tor  Experiments a t  4.3OK 

Severa l  samples have been prepared f o r  a n a l y s i s  a t  l i q u i d  

helium temperature ,  These were designed both t o  unccxer z e w  

m a t e r i a l  composft iors  f o r  MR devices and t o  improve t h e  response 

of s tandard  MR geometries.  The va r ious  sample c o n f i g u r a t i o n s  

are shown i n  F igure  3 .2 ;  and a d i s c u s s i o n  of each sample i s  

presented  below. 

A. This  sample i s  a 1 3/811 bismuth corb ino  having niobium 

c o n t a c t s  whish w i l l  be  superconducting a t  4.3OK. 

designed t o  determine the e f f e c t  of e l i m i n a t i n g  t h e  I R  

I t  w a s  

drop i n  t h e  c i r cumfe ren t i a l  c o n t a c t  t o  r e s u l t  i n  a more 

u.nfform E f i e l d .  whether t h i s  modi f ica t ion  w i l l  enhance 

o r  l e s s e n  t h e  MR response w i l l  be of i n t e r e s t .  

B,C. These samples a r e  of bismuth. The former i s  a geome- 

t r y  t h a t  was prev ious ly  t e s t e d ,  u s ing  InSb, a t  room tempera- 

t u r e  and found t o  have a MR r a t i o  which compared c l o s e l y  

wi th  the corb ino  d i s k . I  The l a t t e r  h a s  a s l i g h t  modiff- 

c a t i o n  i n  t h a t  one l e g  has been extended t o  f u r t h e r  d i s t c r t  

t h e  E F i e l d .  

l R .  2,  Harper, R.  Bechtel ,  W. W. Grannemann,"A Study of 
t h e  H a l l  E f f e c t  and Magnetoresistance f o r  Low Voltage,  High 
C u r r e n t ,  DC t o  AC Conversion," EE-96, UNM Technical  Report ,  
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D,Eo These samples a r e  13/81! diameter  bismuth corb ino  

d i s k s  with copper con tac t s l  t h e  former with a 1/16" 

diameter  cen te r  contac t  and t h e  l a t t e r  with a 1 / 2 "  diameter  

c e n t e r  con tac t .  They w i l l  be used t o  determine t h e  M R  

r a t i o  dependence on t h e  degree of  t h e  c e n t e r  c o n t a c t  area.  

The motive h e r e  i s  t o  d i s c l o s e  what t h e  l i m i t s  a r e  toward 

inc reas ing  the c u r r e n t  ca r ry ing  c a p a b i l i t y  of t h e  corb ino  

by inc reas ing  t h e  center c o n t a c t  a r ea .  

F,G,H. 

1 5/81' L x 11/1611 W x 1/1611 T .  The f i rs t  has  no H a l l  

shunt ,  t h e  second h a s  a copper shunto  t h e  t h i r d  has  a 

l ead  (superconducting) shunt. These w i l l  be used t o  f u r -  

t h e r  explore ,  over more complete extremes, t h e  e f f e c t  of 

These t h r e e  samples are bismuth r ec t angu la r  bars 

- 

s h o r t i n g  t h e  H a l l  vo l tage  i n  improving t h e  magnetoresis-  

t ance  

I ,  This  sample i s  a lead corb ino  d i s k  with niobium con- 

t a c t s ,  

it can be switched i n  and o u t  of  t h e  superconducting s t a t e  

while  t h e  niobium remains  superconducting. 

t h a t  t h e  normal skate r e s i s t a n c e  w i l l  be increased  throuq7- 

a magnetores i s t ive  e f f e c t  i n  t h e  l ead .  This  would resu1-e  

i n  a h ighe r  switching r a t i o  whi le  keeping t h e  sample 

s i z e  compact, 

Since l ead  has  a l o w e r  c r i t i c a l  f i e l d  than  niobium, 

I t  i s  hoped 
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I 

The above samples w i l l  be t e s t e d  i n  both a DC magnetic 

f i e l d  and a modulated magnetic f i e l d ,  The l a t t e r  experiment 

w i l l  be conducted i n  an e f f o r t  t o  determine how f a s t  a magneto- 

r e s i s t o r  can be switched, This w i l l  be done, i n i t i a l l y ,  by 

modulating t h e  DC magnetic f i e l d  with t h e  60 c y c l e  one k i logauss  

f i e i d ,  

For t h e  m a t e r i a l  s tudy,  s i x  corbino d i s k s  have been con- 

s t r u c t e d  f o r  eva lua t ion  a t  l i q u i d  helium temperatures  and 

c o n s i s t  of Pb-In ( log) ,  P b - B i  (lo%), Bi- In  (50%) , P b - I n - B i  

(80%-10%-10%), Pb-InSb (50%) I and Pb-InSb (10%) 

3 .3  Superconducting Experiments a t  4 -3OK 

A sample ho lde r  has  been cons t ruc t ed  f o r  t e s t i n g  s h o r t  

l e n g t h s  of superconducting wire and is  shown i n  F igure  3 . 3 .  

This  ho lde r  w i l l  be used p r imar i ly  f o r  h igh  c u r r e n t  measure- 

men t s  t o  e s t a b l i s h  r; check with theory  of c r i t i c a l  c u r r e n t s  

and magnetic f i e l d  f o r  var ious  wire  and w i r e  s i z e .  I t  w i l l  

a l s o  be used f o r  some switching t ime experiments t o  compare 

s t r a i g h t  wire  and c o i l e d  wire  r e s u l t s ,  

Two c o i l s  have been wound, on reusable c o i l  forms (F igure  

3.4),  one of which w i l l  be used t o  compare experimental  r e s u l t s  
2 with those  c a l c u l a t e d  from theory,  This  c o i l  was wound on 

a p l a s t i c  form us ing  13 f e e t  of 2 0  m i l  niobium w i r e ,  and 

B - 2 -  Harper, R ,  Bechtel ,  W. W o  Grannemann, Op. Go - 
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occupies  a 1 3/4 x 2 inch a rea ,  

copper l ead - in  w i r e  fo r  h igh  c u r r e n t  c a p a b i l i t y .  The o t h e r  

c o i l  c o n s i s t s  of one f o o t  of 20 m i l  Nb-l5% Z r  w i r e .  

c o i l  w i l l  be used as a s tandard s i n c e  cons ide rab le  d a t a  h a s  

been publ ished f o r  Nb-l5% Z r .  

The w i r e  i s  connected t o  heavy 

This  

A t h i n  f i l m  of niobium and a t h i n  f i l m  of l e a d  vapor-deposited 

on glass  s u b s t r a t e s  w i l l  be used t o  i n i t i a t e  a f e a s i b i l i t y  s tudy  

of t h i n  f i l m s ,  

c o n t a c t  t o  t h e  f i l m s ,  

a s  a c o n t a c t  medium w i l l  a l s o  be of i n t e r e s t .  

Low r e s i s t a n c e  cement was used a s  an e l e c t r i c a l  

The s u i t a b i l i t y  of t h i s  cement m a t e r i a l  

I 
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I 

1. Feucht and Woodford have c a l c u l a t e d  t r a n s i t i o n  t i m e  

measurements iisfng a superconducted radio-frequency mixer This  

device uses a t h i n  f i lm  of h i g h - p z r i t y  t i n  evaporated as a g l a s s  

substrate which i s  sandwiched between two p ieces  of po lys ty rene  

which has  locp c o n t a c t s  of lead embedded i n  them, Around t h e  

u n i t  i s  wrapped E switching c o i l  t o  which a radio-frequency 

l o c a l  o s c i l l a t o r  s i g n a l  is fed.  With t h i s  conf igu ra t ion  it w a s  

determined t h a t  t h e  t i m e  requi red  t o  switch t h e  f i l m  i n  and o u t  

of t h e  superconducting s t a t e  was a s  s h o r t  a s  0.625 x lo-' seconds.  

2 0  Buck 4 desc r ibes  a device c a l l e d  a "Cryotron" designed 

a s  a p o t e n t i a l  compqter component. I t  c o n s i s t s  of a c o n t r o l  

winding of 0,003 i n c h  n iob ivm wire wound around a 0.009 inch 

tantalum w i r e ,  

which switches t h e  tankalam w i r e  i n  and o u t  of t h e  superconduc- 

t i n g  s t a t e ,  

a l a r g e  c u r r e n t .  

p r i m a r i l y  regwlated by the  L/R t i m e  cons t an t  of t h e  device  t o  

a l i m i t  determined fmdarnentally by r e l a x a t i o n  l o s s e s .  

The n i o b i u m  windirg se rves  as t h e  c o n t r o l  g a t e  

In t h i z  marmer a smal l  c u r r e n t  i s  made t o  c o n t r o l  

The t r a n s i t i o n  t i m e  of t h e  c ryot ron  i s  

An 

3 D o  L o  Feucht and !To B e  Woodford, Jr., Journa l  of Applled 
Phys ics ,  32: 1882, (1961) 

4 0 .  A. Buck, Proceedings of t h e  I R E ,  44: 482, (3-956) 
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es t ima te  of t h i s  l i m i t  i s  between 100 and 1,000 megacycles. 

However, t h e  L/R t ime cons tan t  f o r  t h e s e  smal l  devices  p l aces  

t h e  t r a n s i t i o n  t i m e  i n  t h e  second range.  

3 .  Youndhas descr ibed  a so -ca l l ed  "crossed-f  i l m  c ryo t ron"  

which uses  a t i n - f i l m  g a t e  crossed by a l ead  c o n t r o l  f i l m .  

This device  i s  i n t e r e s t i n g  s ince  it o f f e r s  a l a r g e r  resistance 

i n  t h e  normal s t a t e  than  does t h e  w i r e  c ryo t ron ,  t hus  o f f e r i n g  

lower t r a n s i t i o n  t i m e s .  

From t h e  f c rego ing  it would s e e m  one could be q u i t e  o p t i -  

m i s t i c  about t h e  superconducting switch conve r t e r  f o r  app l i ca -  

t i o n  where t h e  f requencies  a re  less than 1,000 c y c l e s ,  

5 D. R .  Young, "Recent Developments i n  Hish Speed SuDer,- 
conducting Devices1Ib B r i t .  J. Appl-. Phys. 1 2  I -359: 
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I 

5.0 S t a t u s  of t h e  Theory of Shpercsnduct ivi ty  ~ 

5.1 Since the t i m e  when Kamerhngh Ornes  f i r s t  discovered 

t h e  phenomenon of superconduct ivi ty  in l g l l  a complete theo ry  

f o r  it h a s  been sought,  a microscopic theory  from which t h e r e  

could be der ived  from f i rs t  p r i n c i p l e s  t h e  r e g u l a r i t i e s  i n  t h e  

appearance of sbperconduct ivi ty  5s n ~ t z d  by Matthias 

p r i n c i p l e  of t h e s e  r e g u l a r i t i e s  are as fo l lows:  

The 6 

1. Superconduct ivi ty  has been found only  f o r  t hose  me ta l l i c  

substances having b e t w e e n  about 2 and 8 valence e l e c t r o n s .  

2 Where t r a n s i t i o n  metals are concernedb t h e  v a r i a t i o n  

i n  t h e  c r i t i c a l  temperature w i t h  the number of va lence  

e l e c t r o n s  shows sharp peaks f o r  t h i s  number equal ing  38 

5, and 7 0  

3 .  For a given number of va lence  e l e c t r o n s ,  c e r t a i n  

c r y s t a l  s t r u c t u r e s  appear more favorable  than  others., 

TOO, t h e  critlcaL_ teppera ture  inc reases  with a high power 

of t h e  atomic volume and inve r se ly  with t h e  atomic m a s s .  

Unfortunately,  t h e  p re sen t  understanding of superconducting 

and normal metals i s  s t i l l  f a r  f r o m  this g o a l ,  I n  f a c t ,  t h e r e  

is  s t i l l  an i n a b i l i t y  t o  c a l c u l a t e  t h e  a c t u a l  

- 
6 B. T o  Matthias ,  Progress  in Low Temperature 

V O ~ ,  11, In te r sc i ence ,  (1957) 
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c r i t i c a l  temperature  of 'any superconductor /J However, t h e r e  

have been s e v e r a l  q l i a l i t a t i v e  theor  L e s  proposed which t o  some 

degree desc r ibe  t h e  p r o p e r t i e s  of a t  l e a s t  an i d e a l  supercon- 

duc to r .  One must r e a l i z e  t h e  d i f f i c u l t y  of t h e  problem which 

l i es  i n  t h e  extreme smallness  of  t h e  energy involved,  For, a t  

abso lu t e  zero,  t h e  ecergy gap between the superconducting and 

normal phase i s  on t h e  o rde r  cf 10 ev p e r  atom; whereas, 

f o r  a normal metal  t h e  Fe rmi  energy of conduct ion e l e c t r o n s  is 

on t h e  o rde r  of 10 t c  20  e v  

.- 8 

5.2  One of t h e  most success f i a l  t h e o r i e s  i s  t h e  one p o s t u l a t e d  

by Bardeen, Cooper and S c h r i e f f e r  -- t h e  so -ca l l ed  B e s  t heo ry ,  

This  theory  accountP f o r  a l l  the  main f a c t s  of superconduct iv i ty  

which a r e  (1) a second-order phase t r a n s i t i o p  a t  t h e  c r i t i c a l  

temperature ,  

near  abso lu t e  zero,  and o the r  ev iderxe  f o r  ar_ energy gap f o r  

i n d i v i d u a l  p a r t i c l e - l i k e  e x c i t a t i o n s ,  ( 3 )  t h e  Meissner e f f e c t  

of zero  magnetic i nduc t ion  i n  t h e  superconduetfrg s t a t e ,  

e f f e c t s  r e l a t e d  t o  i n f i n i t e  conduc t iv i ty  and (5) t h e  dependence 

of t h e  c r i t i c a l  temperature on i s o t r o p i c  m a s s ,  

( 2 )  an e l e c t r o n  specific h e a t  varying a s  exp( -To/T) 

(4) 

The BCS t heo ry  cons iders  t h a t  t h e  b a s i c  i n t e r a c t i o n  

account ing f o r  Superconductivity l i e s  with a p a i r  ( a s  opposed 

t o  s i n g l e  electroc-phoncn i n t e r a c t i o n )  of e l e c t r o n s  throzgh an 

in te rchange  of v i r t u a l  phonons, This  simply means t h a t  the 

7 V i r t u a l  phoncns a r e  defir,ed a s  t hose  wi th  very s h o r t  
l i f e t i m e s  such tha t ,  due t o  the  u n c e r t a i n t y  p r i n c i p l e ,  it is 
r equ i r ed  t h a t  energy be conserved i n  t h e  pro- ,ess 
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d i s t o r t i o n  of a l a t t i c e  by a moving electron g ives  rise t o  a 

phonon. Fur ther ,  t h e  d i s t o r t i c n  of t h e  charge d i s t r i b u t i o n  

of t h e  l a t t i c e  r e s u l t s  i n  a propagating f lucua t ron  which i n  

t u r n  a f f e c t s  a second e l e c t r o n  some d i s t a n c e  away when t h e  wave 

reaches i t s  loca t ion .  The conclusion then  i s  t h a t  superconduc- 

t i v i t y  occurs  when <ne a t t r a c t i v e  i n t e r a c t i c n  Setmeen two elec- 

t r o n s  by means of phonon exchange ove r ru l e s  t h e  usual  r e p u l s i v e  

screened coulomb i n t e r a c t i o n .  

formulizes  t h e  normal s t a t e  by t h e  Block model which d e a l s  

w i t n  t h e  e f f ec t  of t h e  pe r iod ic  f i e l d  of t h e  l a t t i c e  on a 

s i n g l e  e l e c t r o n .  

I n  a d d i t i o n  pile BCS theory  

5.3 

i n d i c a t e  what fundamental e f f e c t s  might l i m i t  t h e  speed of 

t r a n s i t i o n  between t h e  normal and supereondlicting s t a t e ,  

of t h e s e  p r e d i c t  switching t i m e s  f a r  s h o r t e r  than what is 

observed, 

p r e d i c t s  a longer  t i m e ,  

from t h e  BCS theory.  

A number of p o s s i b l e  explanat ions have been c f f e r e d  t o  

M o s t  

One suggest ion of i n t e r e s t ,  proposed by Nethercot 9 

2r.d i s  der ived  r e l a t i v e l y  d i r e c t l y  

B r i e f l y ,  Nethercot s ta tes  t h a t  t h e  p r e s e n t  explanat ion 

i s  based on t h e  switching speed being l i m i t e d  by a s p a t i a l  

r a t h e r  than  pure ly  t i m e  l imi ted  (temporal) e f f e c t s ,  That is ,  

- 8-pagation i n  Pe r iod ic  S t r u c t u r e s ,  
Dover, (1953) 

- 
9 A .  H .  Nethercot,  ,Zr<>, "Superconduztsng-Normal T r a n s i -  

t i o n  T i m e , "  Phys ica l  Revfew L e t t e r s ,  7# 226,  (1961) 
-. 
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a t  f a s t  switching speeds (high frequency) t h e  s k i n  depth 

becomes so small  t h a t  t h i s  t h i n  l a y e r  cannot change i t s  s t a t e  

due t o  t h e  l a r g e  ad jacen t  volume of unswitched m a t e r i a l  

Therefore ,  i t  d o e s n ' t  s e e m  reasonable  t h a t  t h e s e  s k i n  depths  

could change s t a t e  i n  t i m e s  on t h e  o rde r  of 10 seconds 
-10 

s i n c e  it can be expected t h a t  t h e  p r o p e r t i e s  of t h e  f i l m  

would be cons iderably  a l t e r e d  by t h e  ad jacen t  m a t e r i a l  
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